Introduction
Chinese character recognition is an important branch of pattern recognition [1−5] . The solution of this problem relies on many techniques in various fields: image processing, machine learning, cognitive science, linguistics, etc. From the start of pattern recognition research in the 1950s, character recognition has been a major test case and a stimulator of pattern recognition methodology. At the first workshop on pattern recognition, held in Puerto Rico in 1966, about one third of the papers dealt with character recognition [6] . Approaches such as blurring [7] , directional pattern matching [8, 9] , hierarchical classification [10, 11] and multiple classifiers combination [12, 13] were first proposed by the character recognition community, and later evolved into attractive research fields. Character recognition systems contribute tremendously to the advance of the automation process and can be of significant benefit to man-machine communication in many applications, such as postal mail sorting, business card reading, bank checks and transaction forms processing, and recently, in digital libraries and mobile phones. Chinese characters are used by over 1.3 billion people in China and some other countries or areas, but typing Chinese characters into computers is not a trivial task. In China, many people cannot even use phonetic codes for character entry because they habitually speak dialect and cannot pronounce Mandarin correctly. Therefore, the automatic recognition of Chinese characters would have widespread special benefits. Similarly, Chinese minority character recognition is of much importance to protecting and inheriting ethnic minority language and cultural.
With the development of computer technology and the information processing on Chinese Minority Script has gradually matured. Such as the collaborative research by Northwest University for Nationalities and Tsinghua University on Tibetan character recognition [14] , the multi-speech (Uyghur, Kazak and Kyrgyz) recognition by Xinjiang University [15] and the Mongolian recognition by Inner Mongolia University [16] .
Preprocessing is a necessary processing step for character recognition. This paper concentrates itself on the Preprocessing of NaXi Pictographs Recognition, which involves image denoising, skew correction, character segmentation, edge detection, and so on, as shown in Figure 1 . Using wavelet transform this paper preprocesses the NaXi Pictographs. The rest of this paper is organized as follows: Section 2 describes the progresses we made in information processing of NaXi Pictographs; Section 3 briefly introduces Wavelet decomposition and reconstruction of images; Section 4 illustrates the noise reduction for NaXi Pictographs images based on wavelet transform; Section 5 discusses edge detection for NaXi Pictographs based on multiresolution wavelet. Section 6, gives a brief analysis of The experimental results on the mentioned methods in Section 4 and Section 5. Finally, Section 6 makes a conclusion of the Preprocessing of NaXi Pictographs Recognition 
Previous Work on Preprocessing of Naxi Pictographs
NaXi pictograph belongs to the NaXi language of Yi language branch of Tibetan-Burmese languages which was created by the ancestor of NaXi. The script in case is the Tomba script of the Naxi people of Southwestern China. The Naxis are a Tibeto-Burman people who today number about a quarter of a million. Among the Naxis, there is a tradition of loosely organized village-based priests who were the carriers and performers of elaborate religious rituals. These priests were called Tombas, and so the ritual system is also called the Tomba religion. These rituals were written down in a very peculiar type of script, which also in popular parlance is called Tomba script, even if its proper traditional name is "Incisions on wood and stone".
The Tomba religious scriptures also contain a wealth of information on features from the traditional society of the Naxis, like philosophy, social history and folk customs, astronomy and medicine, poetry and prose, music and dance. Altogether, there are about 20,000 mss. and probably around 1.500 different texts [17] .
The position of the Tomba literature and script caught the interest of Western scientists and sinologists before and after the turn of the century. The first full-length monograph was published by Bacot in 1913. When it became clear that the script did not belong to High Antiquity,' the interest waned. It was not until the Austrian-American botanist-explorer Joseph Rock began to acquire and sell large quantities of mss. and translate legends and rituals into English from the late 1920's on that the West really became aware of what a rare treasure the NaXi script was [18] .
Since 2001, the author of this article has made the research about computer information processing technologies of NaXi Pictograph, and developed NaXi Pictograph outline fonts, NaXi Pictograph pinyin input method, NaXi Pictograph tuyuan input method, NaXi Pictograph WEFT, NaXi Pictograph Mobile Phone Dictionary and Naxi Pictograph Online Dictionary, etc [19] [20] [21] . Parts of early results about NaXi Pictograph information processing are shown in Figure 2 .
Wavelet Decomposition and Reconstruc-tion of Images
It is well known that the fundamental building block of fast implementations with orthogonal transforms is the ability to decompose a matrix of basis vectors into submatrices with fewer operations. Normally the matrix representing the transformation matrix is never actually stored or decomposed. Instead, the equivalent operation is accomplished by the direct product, or tensor product, of a number of lower-dimensional submatrices. The submatrices used are usually lower-dimensional basis sets which, when multiplied together in a direct product operation, would form the orthogonal transform matrix to be used for a mapping operation. In this form, however, fewer operations, typically two operations per row, are possible. In fact, whenever a basis set can be generated by the direct product of two or more lower-dimensional bases sets, then a fast implementation exists. This has been the foundation of work by Cooley and Tukey [22] , Ahmed and Rao [23] , Griswold and Haralick [24] , and more recently, Hou [25] , in the fast implementation of the discrete cosine transform. In this note we apply these concepts to the wavelet decomposition and the reconstruction of an image utilizing an orthogonal wavelet basis. Many authors [26] have discussed the use of discrete wavelets with fast pyramid-type implementations.
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Decomposition
Decomposition of an image, we believe, is best understood when viewed as a projection of the data in a higherdimensional space to a lower-dimensional space. Let us consider one level of decomposition for the sake of clarity. If we have an arbitrary vector,   d are what we seek and are usually derived from convolution and down sampling in the pyramid structure (see Figure 3 ).
In the wavelet decomposition of a sampled data string we use the n  or averaging basis as a low pass filter operation and the wavelet basis n  as the high pass filter operation. This enables the decomposition of the data structure into two segments of a low frequency and high frequency structure. This may be implemented by dyadic convolution, which is known to be equivalent to linear convolution, followed by down sampling by two. To operate on a two dimensional (2D) image, or data matrix, the two dimensional scaling function evokes three related two dimensional wavelets, namely.
Typically in practice, two-dimensional operations are carried out using the separability characteristic of the orthogonal basis. That is, by convoluting each row with the basis and then down sampling, or equivalently, by dyadic convolution and then transposing the result and performing the operations on the new rows (original columns). In reality, for orthogonal or bi-orthogonal wavelets, this operation is equivalent to an outer product expansion of the two-dimensional data structure. If we consider the two dimensional M M  matrix or image V to be a vector in a M 2 -dimensional space it is possible to represent this image in a pdimensional subspace where p is the rank of the matrix V. If we consider the image or data matrix to be real, the matrices ' V V and ' VV are non-negative, symmetric, and have the same identical eigenvectors   
This is called the spectral representation or outer product expansion of V [28] . Let us apply this to the decomposition of wavelets. By substituting an outer product of the scaling basis and wavelet basis for the eigenvectors, we can generate our typical low-low, lowhigh, high-low and high-high (LL, LH, HL, HH) projections directly for one level of decomposition under consideration. (See Figure 4) . This same outer product operation is performed on the image of NaXi Pictographs document using the four-tap Daubechies filter coefficients. Again the outer product is formed for combinations of low pass and high pass coefficients. The resulting LL, LH, HL, HH images for one level of decomposition are in 
Reconstruction
The reconstruction of this data formed by an outer product expansion can be easily accomplished by the direct product or the Tensor product. Before demonstrating this fact, consider the fundamentals established by the projection theorem. We have a higher-dimensional space projected to a subspace by selected basis functions. By definition, V  . This function is, of course, a Tensor product. The outer product filter functions will be multilinear on their respective projected spaces. Therefore the tensor product of the projected data, with its corresponding basis set used in the decomposition, generates a new subspace of the original data matrix or image. If there are four outer product formed basis sets, there will be four new subspaces formed by the Tensor product of each projected data with its corresponding basis. Because each of the original projections was a subspace of the original, and related to the whole by the direct sum, these new subspaces will also be related to the original by the direct sum. Therefore, we can simply take the tensor product of the projected parts and its corresponding basis and add the results of each of these products. Caution must be taken because the tensor product is not commutative. So always take the product of the projected data with the basis in that order.
Image Denoising for The Image of Naxi Pictographs Document Based on Wavelet Transform
Noise is a major factor that influences the accuracy rate of NaXi Pictographs Recognition. The large amount of noise in the image of NaXi Pictographs may have great impact on the recognition. The noise Preprocessing Method for NaXi Pictographs Character Recognition Using Wavelet Transform
Hai Guo, Jing-ying Zhao, Xiao-niu Li in the collected images cannot be avoided due to the scanning of printed NaXi Pictographs in recognition.
There are two kinds of noises in digital images, electronic noise and photoelectron noise. Electronic noise, coming from the random thermal motion of electrons in electronic devices, has a histogram distributes as a Gaussian Function curve and a flat power spectrum. With zero mean gauss noise being its model, electronic noise can be completely described by its variance. Photoelectron noise is caused by the statistics feature of photons in photovoltaic conversion (the number of photons each picture can receive is limited). In a dyssophotic case, photoelectron noise being rather serious, a random variable in Poisson distribution is usually chosen as the model of the noise. When the illumination is high, the noise tends to presents a Gaussian distribution. Noise reduction plays a crucial adjective part in Character Recognition Preprocessing. The traditional methods of noise reduction are linear denoising, median denoising, adaptive denoising and others [29] . This paper use Wavelet Transform to smoothly reduce the noise in NaXi Pictographs Character Recognition.
Choosing Thresholding Function
After Wavelet Transform, the image has its major information in the low frequency sub-band of wavelet transform domain. In the statistical extent, noise equally distributes in all wavelet coefficient. To choose whichever wavelet transform coefficient or wavelet hreshold is a committed step which directly impacts on the effect of image noise reduction. Donoho [30] divided thresholding functions into hard Thresholding and soft Thresholding. Given that  represents the value of wavelet coefficient,   represents the value of  after thresholding function, and  is the threshold value.
Hard thresholding
When the absolute value of wavelet coefficient is smaller than the given threshold value, wavelet coefficient would be set as 0; when it is larger than the given threshold value, wavelet coefficient remain unchanged, as shown by Eq. (10) . ,
Soft thresholding
When the absolute value of wavelet coefficient is smaller than the given threshold value, wavelet coefficient would be set as 0; when it is larger than the given threshold value, wavelet coefficient would be itself minus threshold, as shown by Eq. (11).
Half-soft thresholding
Despite that the rather smoother Soft Thresholding is more closer to desired value of minimax criterion in the range of Besov space, it can cause distortions like edge blur. Hard Thresholding keeps the local features--like edge of the images, the image becomes rougher. As a result, researchers come up with a Half-Soft Thresholding recently, which takes advantage of both Hard and Soft Thresholding.
Half-Soft Thresholding ensures the wavelet coefficient   in a range between Hard and Soft
Thresholding, so that a more accurate wavelet coefficient and a better noise reduction effect can be achieved, as described in Figure 6 
Choosing Threshold Value
The most critical step of discrete wavelet noise reduction is how to choose the threshold value.
During noise reduction, wavelet threshold  is even vital. A smaller threshold value would keep redundant noise components in wavelet coefficient, which fails to reach the expecting effect. Meanwhile, with many effective elements missing, a larger threshold value could cause distortions, which also lower the accuracy. [31] [32] [33] The thresholds used presently are globe threshold and local threshold. A variety of Thresholding equations are available. Balancing the algorithm complexity and noise reduction effect, in noise reduction of NaXi Pictographs documents uniform threshold 2log Finally, the threshold value will be calculated by uniform Thresholding of Donoho and Johnstone.
Noise Reduction Steps of Wavelet Transform
Images of NaXi Pictograph documents is a kind of two dimension signal, which reduce noise in 3 steps: ① Choose the appropriate wavelet function and decomposition level to reduce the noise in images. ② Noise and signals behave diverse in wavelet spectrum of varied levels. Taking out the wavelet spectrum components cause by noise especially the noise spectrum predominant noise wavelet spectrum components, the then remained wavelet spectrums c almost from the original signal. When thresholding quantizing the high frequency coefficient, use appropriate threshold for three directions-horizontal, vertical and diagonal-of each decomposition level.
Rebuild the original signals by wavelet transform reconfiguration algorithm. The final image comes out after calculating the wavelet reconfiguration of the two dimensional signals according to the low frequency coefficient of N level and modified high frequency coefficient of every level in wavelet transform.
Multi-Scale Wavelet Based Edge Detection of Naxi Pictograph
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Widely used in image process of English and Hanzi Recognition, thin method does not perform well on antinoise and deformation resistance. Thus, feature extraction of edge contour is used in NaXi Pictograph Recognition. Prewitt, Sobel, Roberts, LoG (Laplacian of Gaussian) and Canny operators are the common edge detection methods [34] . The first three are differential operators-LoG operator is in fact a bandpass filter, while Canny operator is one of the optimal step edge detection operator [35] . Confirming the edge of the image through modulus maxima detection of two dimensional wavelet transform, this paper extracts the edge contour of NaXi Pictograph images.
The name multi-scale edge comes from that wavelet transform provides the edges information at all levels [36] [37] [38] . The along boundary modulus maxima curve emerge when the edges alone the boundary direction is linked at a certain level. Wavelet transform can resolve the image into multiple levels, and using the corresponding time domain or spatial domain sample step size of each. This rapid, efficient and precise approximate algorithm, a breakthrough in fourier analysis, brings fresh ideals to related scientific research areas, and also provides a new analysis tool for engineering application [39] [40] [41] .
Multi-Scale Edge Detection Algorithm
Usually, the variation of amplitude along the edge is gentle, while perpendicular to the edge is huge. Besides, objects have different edge scale due to their various sizes. The Lipschitz regularity of edge point depends on attenuation speed of modulus maxima in scale thinning process [42] [43] [44] [45] [46] .
In the case of two dimension, in order to find the space location of image edge, edge detection algorithm calculate local modulus maxima of gradient vector of image signal f(x,y).
The direction of gradient vector points out the fastest change direction of gray value.
To get the two partial derivatives of image signals, two directional two dimension wavelets are needed, which are the partial derivatives of two dimension plan smoothing function  
The integral of   , x y  on plan x-y is 1, which rapidly converge to 0.
And define two components of Wavelet Transform as
In the expression,
f L R  is defined as the following family of
To make sure the completeness and stability of binary wavelet transform, the following sufficient and necessary condition must be satisfied: there exists two positive constant A and B, for 
The modulus of gradient vector   
While the included angle between gradient vector and horizontal direction is
0
The multi-scale edge detection conducted by binary wavelet transform aimed at looking for local maxima of   
In this way, f fits Lipschitz  in region  .
Rapid Multi-Scale Edge Detection Algorithm
The two dimension binary wavelets for edge detection can be plan as separable product of onedimensional binary wavelet. To put it more specifically, their Fourier transforms are
In which     is a low-pass filter, while 1 j   is the low-pass filter result of j  in landscape and vertical direction, while 
Computational Experiments
So as to confirm the effect of wavelet transform in Preprocessing of NaXi Pictographs Character Recognition, two groups of experiments are conducted in this paper. The first focuses on testing the International Journal of Digital Content Technology and its Applications Volume 4, Number 3, June 2010
wavelet noise reduction of images of NaXi Pictographs documents. And the second emphasizes on edge detection for images of NaXi Pictographs documents with multi-scal wavelet.
Case Study 1: Noise Reduction
The NaXi Pictographs documents in Figure 7a are chosen in the experiment. When salt noise is added to the image, the image forms Figure 7b . Use linear filter, wiener filter, median filter, and wavelet filter in this paper to reduce the noise, the effects are shown in Figure 7c -d. It turned out that linear filter and wiener filter perform worse than the other two. Median filter works well, and wavelet filter has the best effect. We also compared the time efficiency of the four filters, and Table 1 shows the outcome. Wavelet filter consumes much more time (over 1 second) than others. It can probably be affected by the low configuration of the machine. To further test which wavelet works best, we made related researches on several common wavelets-db wavelet, sym wavelet, haar wavelet and coif wavelet, then got the images in Figure 8 . Having analyzed the outcomes, we found that the four wavelets have close effects.
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Hai Guo, Jing-ying Zhao, Xiao-niu Li However, db1 wavelet has the best efficiency in time consuming, as described in Figure 9 . As a result db1 wavelet is used in noise reduction of NaXi Pictographs. db1 db2 db3 db4 sym1 sym2 sym3 sym4 coif1 coif2 coif3 coif4
Time(s) Figure 9 .Time comparison of 12 wavelet noise reductions
Case Study 2: Edge Detection
Take the typical character "ox" in NaXi Pictographs as an example(see Figure 10a .), the outcomes of edge detections by prewitt, sobel, roberts, log, canny and the method of this paper are shown in Figure  10 . Figure 10a is the original image; Figure 10b to 10f are respectively edge detection effect of Prewittl, Sobel, Robert, Log and Canny operator; and Figure 10g is the multi-scale edge detection effect on scale j=1. It is apparently in Figure 10 that method in this paper has an accurate edge detection effect. In especial, the border of the character is clearly outlined, which cannot be achieved in other methods. Method in this paper works excellent in edge detection for details.
It can be seen from Figure 11 the comparison of wavelet transform algorithms, a smaller scale wavelet transform can detect the slight details of the edge. The larger the scale is the more loss of details will be. With the main outline of the image, the edge becomes rough. It is proved that Sobel operator detection gets a rough edge, which has a undesirable noise reduction effect not as good as method of this paper in location precision and detection accuracy. Because small scale operators in wavelet transform are able to detect the tiny changes in grayscale while large scale operators can find the crude changes of the images, the size of scale for different images relies on the image features and demands. In this way, multi-scale detection can get an ideal edge. 
Conclusions
Finished the wavelet transform based Preprocessing, the image of NaXi Pictographs is now a clear point-line diagram, which lays a solid foundation for the following Character Recognition. The excellent effect and high efficiency have been proved by experiments. The implementation of the preprocessing method for NaXi pictographs character recognition based on wavelet analysis not only has use for reference to the recognitions of other Chinese minority scripts but also propels all of the minority language information forward.
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